Pradhan et al. (1-3) carried out pharmacological and clinical studies on hayatin methiodide from Cissampelos pareira for its muscle relaxant properties. In the present paper the curariform actions of hayatinin methochloride (Fig. 1) , the other structurally similar alkaloid from the same plant are being reported.
in 100 ml organ bath containing Tyrode solution at 37°C for rat diaphragm and at room temperature for the frog muscle preparation. The solution was bubbled with a mixture of 5 % carbon dioxide and 95% oxygen. The nerve was sucked into a capillary electrode in the bath (4) rectangular pulses of 0.5 millisecond duration at the rate of one shock every 10 seconds. A light steel spring torsion lever was used to record the twitches. Measurement of neuro muscular blocking activity was made by the addition of the drug to the organ bath to pro duce a steady level of block. The ratio of the potency was obtained from the concentration of the drug and the percentage of block induced in a particular preparation. Curariform activity of hayatinin methochloride was also assessed in a number of animal species.
Mice : The mice were placed on a wire screen inclined at an angle of 50°. The dose producing skeletal muscle paralysis in a mouse, and causing it to slide down abruptly within 30 minutes of injection was considered to be the effective dose for that animal. Each group comprising of ten mice, received a dose of hayatinin methochloride or d-tubocurarine chloride. The concentrations were so adjusted that 0.10 ml of the solution was injected intraperitoneally per gram of the body weight. Rabbits: Head drop method (5) was employed to determine the curariform activity in a group of eight rabbits.
Cats and dogs : The effect of hayatinin methochloride was studied on the sciatic nerve gastrocnemius muscle preparation of cats (2-4 kg) and dogs (9-15 kg) of either sex anaes thetized with chloralose (80 mg/kg) injected intravenously. The sciatic nerve was stimu lated supramaximally through schielded electrodes by means of an electronic stimulator at the rate of 10 pulses per minute, each pulse being of 0.5 millisecond duration. When necessary, the muscle was stimulated directly through bipolar platinum electrodes. Per centage paralysis in the muscle was calculated from the diminution in the height of con traction from the normal. Carotid blood pressure and tracheal air pressure were also recorded in these animals. Diaphragmatic respiration was also recorded in some cats by means of a light thread fixed to the peritoneal aspect of the diaphragm. Femoral vein was cannulated for administration of drugs. The effect on the sympathetic autonomic ganglia was determined from the change produced before and after the drug in the con traction of the nictitating membrane, evoked by the stimulation of the cervical sympathetic chain in cats (2-4 kg) anaesthetized with chloralose. Stimulation was applied by an electronic stimulator, at the rate of 20 pulses per second, 0.5 millisecond duration and 2-6 volts in amplitude.
RESULTS

Comparison of neuro-muscular blocking activities a) Rat diaphragm
The estimate of the ratio of potency of hayatinin methocloride to d-tubocurarine was found to be 0.43±0.01 (d-tubocurarine=l).
This was estimated by adding a drug to the organ bath in increments at 10 minute intervals, two or three levels of steady partial block between 30-70% were obtained. The total volume of solution containing the added drug, dissolved in 0.9% saline, was less than 0.5 ml.
b) Frog sartorius muscle In a similar estimate the ratio of potency of hayatinin on the frog sartorius muscle was found to be 1.25±0.34 (d-tubocurarine=1).
Mice
Injection of hayatinin methochloride into mice produced restlessness within a short time with signs of respiratory embarassment. Paralysis started within 2 to 4 minutes and lasted for 18-30 minutes. By probit analysis using log dose as the metameter the ED50 for hayatinin was found to be 0.846 mg/kg (95% fiducial limits for ED50=0.801 to 0.895). In a similar estimate for d-tubocurarine in another group of mice from the same colony, ED50 of d-tubocurarine was found to be 0.425 mg/kg (95% fiducial limits for ED50=0.405 to 0.446). Death from higher doses occurred due to respiratory failure. LD50 for hayatinin was found to be 1.355 mg/kg (95% fiducial limits for LD50=1.325 to 1.306). The LD50 for d-tubocurarine was found to be 0.541 mg/kg (95% fiducial limits for LD50=0.505 to 0.579). Rabbits
The results of head drop dose in a group of eight rabbits was found to be 0.213 mg/kg (±0.0043).
Comparison pressure from these doses could be effectively checked by pre-treatment with antihista minics (Pyribenzamine 10 mg/kg, Promethazine hydrochloride 10 mg/kg). However, the fall of blood pressure due to higher dose (0.3 to 0.4 mg/kg) was not prevented completely by antihistaminics. Nictitating membrane Doses from 1.1 to 0.24 mg/kg which produced more than 90% block in the neuro muscular transmission, did not effect the transmission through the superior cervical gan glion as there was no block in the contraction of the nictitating membrane of cats when there was more than 90% nuero-muscular block. This result is represented in Fig. 3 . However, higher doses did block the contraction of nictitatnig membrane to an extent of 10 to 30% with a duration of 12 to 20 minutes.
Nature of the block
During steady partial block by hayatinin methochloride tetanic stimulation of the nerve (for 10 seconds at 50 shocks/sec) produced a brief non-sustained contraction followed by a period of enhanced twitch response. Similar effects were also observed during block by d-tubocurarine.
Effect of calcium and neostigmine
Increasing the calcium concentrations during a pare al block by hayatinin produced a sustained reversal of block. Neostigmine also produced reversal of neuro-muscular block both in vivo and in vitro preparations.
Effect of stimulus frequency During a steady partial block in the rat diaphragm preparation by hayatinin at an increased rate of shocks, the same percentage of block increased steadily. In other words the neuro-muscular block was frequency dependent. Such frequency dependence of the neuro-muscular block was observed with hayatinin and d-tubocurarine at 30 seconds interval trains of ten twitches at each of six frequencies upto 2 shocks/sec. This result is being represented in Fig. 4 .
DISCUSSION
The structure of hayatinin (6) shows that it is a ditertiary base belonging to the curarine group of alkaloids; quaternisation of the two nitrogen atoms converts it into a curine, the known example of which is d-tubocurarine.
Since there are two centres of asymmetry in the curine molecule and six oxygen functions, a large number of isomers are possible.
Hence the pharmacological activities of these various compounds can be expected to show a wide spectrum of differences within a basic similarity. Earlier workers (7, 8) have shown the following order of sensitivity for the curariform activity of d-tubocurarine in different species of animals rat>mouse>rabbit>man>cat.
In the present experiments the order of senstivity for hayatinin methochloride was found to be rabbit>cat>dog>mouse. This variation is possibly due to phylogenetic reasons. In the in vitro experiments with frog sartorius and rat diaphragm preparation this potency ratio has been calculated to be 1.25 and 0.43 (d-tubocurarine=1) respectively. Hayatinin methochloride first effects the skeletal muscles and lastly the respiratory muscle, specially the diaphragm. This ratio of muscle paralysis and respiration paralysing dose for hayatinin in cats was found to be 1.5 which compares favourably with the corresponding ratio of 1.25 for d-tubocurarine (9) . Evidence to the non depolarising type of blocking action of hayatinin methochloride can be drawn from the observations of antagonism by neostigmine, calcium ions and by a brief tetanus applied during a partial block. Block due to hayatinin methochloride has been shown to be dependent on the frequency of stimulation. It is known that the amount of acetylcholine released per stimulation goes down at higher rates of stimulation (10) . The enhancement of the blocking activity of hayatinin methochloride and of d-tubocurarine at higher rates of stimulation are, thus, related phenomena and the neuro-muscular block by hayatinin is due to competition with acetylcholine as is the case in block due to d-tubocurarine. The fall of blood pressure at lower doses, which causes satisfactory muscle paralysis, is due to release of histamine. However, from the effect of higher doses one can not rule out entirely the role of ganglion blockade in the causation of hypotension. These higher doses, necessary to block the sympathetic ganglia, are about one and half times the dose that is necessary for skeletal muscle paralysis.
SUMMARY
Hayatinin methochloride, an alkaloid from Cissampelos pareira possesses similar muscle relaxant properties as d-tubocurarine chloride. During steady partial block by the com pound, the responses to brief tetanic stimulation, to neostigmine and to an increase in calcium concentration were similar to those observed during block by d-tubocurarine. It was also shown to be frequency dependent in its blocking activity. From these indirect evidences, it can be concluded that hayatinin causes postsynaptic block.
